UNCLASSIFIED 


AD  NUMBER 


AD222725 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  Jul  1948. 
Other  requests  shall  be  referred  to  Army 
Biological  Labs,  Frederick  MD. 


AUTHORITY 


st-a  per  abl  ltr.  July  1948 


THIS  PAGE  IS  UNCLASSIFIED 


UNCLASSIFIED 


ad  222  725 


RepA aduced 
tuf.  the 


ARMED  SERVICES  TECHNICAL  INFORMATION  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


r 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  In  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  fornmluted,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rightB 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


Special  Report  !> 98 


FILE  COPY 


Return  to 

ASTI  A 

imgt c u  m a i l  1 1  r :  n ;< 

!  NOTON  !  2.  V  i :<■:  :n  i. 


Attn:  T  I  R  £ 


>?S£V.  <- 


•v. 


SPECIAL  REPORT  #  $8 


AER0BI0L05I CAL  STUDIES;  SONIC- SPEED,  LIQUID  IMPINSER 
FOR  COLLECT INS  SAMPLES  OP  MICROBIOLOCHCAL 
MATERIALS  FROM  AEROSOLS 


CAMP  DETRICK;  FREDERICK,  MARYLAND 
SUBMITTED  BY  BS  DIVISION 

JULY,  19Ug  - 

l  '' 


AJwM. 

tkjiMaJL 


lU'('!.A!:S!l!Klt  TO 
by  AUimmiTY  of 

BY  . . . . 

BATH;  xJttMu UttiUU.J. i?J  ^<,ni*t‘tlUh‘lu 


Copy 


of  50  Copiss. 


* 

% 

* 

if 

Q> 

CJ 


t-rr  t  \VS»,.  ^ 


ASTI  A 


bCMSDT 

DPOB  ■ 


Cleared  Reports: 


ASTIA  AVAILABILITY  NOTICE 


Qualified  requestors  may  obtain  copies  of  this 
document  from  ASTIA. 


This  publication  has  been  cleared  for  release 
to  the  general  public.  Non  DOD  agencies  may 
purchase  this  publication  from  the  Library  of 
Congress,  Photo-duplication  Services,  Publications 
Board  Project,  Washington  25,  D.C. 


TABLE  01  CONTENTS 


ABROBIQLOSICAL  STUDIES i  SONIC-SPEED,  LIQUID  IMPIN&ER  POR 
COLLECTING  SAMPLES  OE  MICROBIOLOGICAL 
MATERIALS  BRQK  AEROSOLS 


Page  No. 


I,  INTRODUCTION . 1 

II.  DESCRIPTION  OP  IMPIN&ER .  4 

III.  STUDY  OP  IMPIN&ER .  7 

A.  Retention  of  collected,  material  in  the 

intake  tube . 9 

B.  Effect  of  impinging  distance  on  sampl¬ 

ing  efficiency  .  ..........  9 

C.  Effect  of  sampling  rates  on  sampling 

officioncy . 12 

D.  Sampling  efficiency  . . 18 

1.  Material-balance  studio b  ...  .  18 

2.  Series-sampling  studios  .  25 

IV.  SUMMARY . 28 

V.  RESPONSIBILITY . 29 


TABLES 

1.  Rotontion  of  colloctod  material  in  the  intoko  tuboa 

of  lmpingors  . . .  .  10 

2.  Effect  of  impinging  distanco  on  sampling  officioncy  .  11 

3.  Bffoct  of  sampling  ratos  up  to  the  maximum  flow  on 

sampling  officioncy  of  lmpingors  having  maximum 

flows  of  10  litoro  per  minuto  . . .  13 

4.  Sampling  efficiencies  at  various  maximum  flow  rates  .  19 


5.  Sampling  officioncy  of  lmpingors  as  doteminod  by 

natorial-balanco  studios  . . .  22 

6.  Sampling  officioncy  of  lmpingors  as  determined  by 

sorics-sampling  studios  .....  .  26 


ILLUSTHAT  IONS 


Page  No. 


1.  Tho  sonic-speed,  liquid  inpingor .  5 

2.  Maximum  flow  rate  versus  dinnotor  of  inpingor 

orifico  ...  » . ,  .  . .  6 

3*  Inpingor  rocovory  versus  sanpling  rates  up  to 


the  maximum  flow  of  10  liters  por  ninuto  .....  15 

4.  Impingcr  efficiency,  per  cont  of  rocovery  at 


nnximun  flow,  versus  per  cont  of  maximum 

flow  .  . . . . l6 

5.  Impinger  efficiency  vorsns  flows  up  to  the 

moxinun  from  series-sampling  studios  .  17 


6.  Inpingor  rocovory  vorsuo  naxinun  flow  rates  ....  21 


7.  Siso  of  aerosol  particlos  vorsus  por  cent  of 

doxtrin  in  tho  suspension  sprayed  ........  23 

£5.  Amount  of  material  dqpositod  on  surfaces  votbuq 

si 20  of  aerosol  particlos . .  24 


SONIC" SPEED,  LIQ.UID  IMPING3R  FOR  COLLECTING  SAMPLES  0? 
MICRODIOLOQ  i'CAL  MATERIALS  FROM  AEROSOLS 


Special  Report  No.  9- 
Otmp  Dot  rink,  Meryiund 


I.  INTRODUCTION 


The  acquisition  of  a  sampler  or  samplers,  for  use  in  determinations  of 
the  concentration,  in  aerosols,  of  such  widely  varied  materials  as  bacteria, 
viruses,  toxir.c,  and  dye  tracers  was  one  of  the  first  problems  of  the  Aero¬ 
biology  Branch  (formerly  Cloni-fh nber  Project^  .V .  This  Pro ject  was 
approved  by  letter  of  transmitted,  dated  3  November  1943,  Chief  of  the  Chemi¬ 
cal  Warfare  Service,.  I'-oct  cf  the  experimental  work  on  campling  was  done 
under  Project  Specification  Number  C8.2  during  the  period  1945-1947* 

Among  the  specifications  considered  for  the  dosired  sampler  woroi 

1.  The  sampler  should  bo  suitable  for  efficiently  collecting 
samples  of  such  varied  materials  aB  bacteria,  viruses,  toxins, 
and  dyo  tracers  over  r.  wide  range  of  concentrations. 

2.  Tho  sample  collected  must  be  suitable  for  quantitating; 
that  is,  the  material  must  not  bo  deDtroyod  during  or  after 
collection  and  it  must  not  bo  retained  by  tho  sampler  bo  that 
it  1b  not  available  for  quantitating. 

3.  The  sampler  should  bo  such  that  it  could  be  readily  steri- 
lizod  or  decontaminated. 

4.  The  sampler  should  require  only  a  snail  portion  of  the 
flow  or  volumo  of  atmosphere  being  studied. 

5.  Tho  sampling  rato  should  bo  fixed,  or  easy  to  regulate. 

6.  Tho  sampler  should  be  small,  available , and  economical 
enough  to  permit  collection  of  many  (at  least  25)  samples 
in  a  single  experiment. 

7.  The  sampler  should  have  a.  record  of  successful  use. 

Rosobury,  T. ,  ot  al,  1947,  Experimental  Air-borne  Infection:  Williams 
&  Wilkins  Co.,  Baltinoro,  Md. ,  222  pp. 


- - . -  'M/3* Maft'twi'A ■* i 

Many  samplers  had  heon  need  or  proposed  for  use  in  sampling  air-homo 
bactoria.  Among  such  samplers,  arranged  according  to  their  main  operating 
principle,  wore :  .  (l)  Sedimentation  samplers-  open  Petri  dish  and  Wells 
air  centrifugo  ;  (2)  fillraiion  samplers-  sugar  tube  or  aero  scope  j/ , 
sand  tube  2J  ,  cotton  filter,  and  filter  pap  ox1  .v/;(  3)  washing  eanplers- 
water  aorqscopo  -•/,  bead  bubbler  1.1 ,  atomizer  bubbler and  Fclin-Lomon 
bubblor  3l\  14)  impingement  cannier 3-  Groenburg-foith  iirrpinger  %  Pcrton 
impingor  12/  11/ ,  funnel  device  i£/ ,  slit  sampler  1 jf ,  and  sieve  device  M/ 


-/  Wells,  ¥TfT 
Air:  An. 


,  1933 »  Apparatus  for  the  Study  of  the  Bacterial  Behavior  of 
J.  Pub.  Health,  2J,  pp.  58-59. 


Frankland,  F.P.,  1886,  A  New  Method  for  the  Quantitative  Estimation  of 
the  Microorganisms  Present  in  the  Atmosphere:  Roy.  Soc.  London,  Phil. 
Trans.,  Scr.  B.,  178,  pp.  H3-I52. 

American  Public  Health  Association,  1917,  Final  Report  of  Committee  on 

Standard  Methods  for  the  Examination  of -Air:  An.  J.  Pub.  Health, 2.  P*  5^* 


1  McConnell,  W.J. ,  and  Thonas,  B.G.H.  ,  1925,  Relative  Values  of  Methods  of 
Enumerating  Bactoria  in  Air:  Pub.  Health  Ropts.,  40,  pp.  2167-2178. 

Rettger,  L.F.,  1910,  Rcttgor  Method  of  Determining  Bacteria  in  the  Air, 
Using  Salt  Solution:  J.  Med.  Research,  22,  pp.  461-468. 


.'J  Wheel  or,  S.M. ,  Fc?.ey,  G.E.  ,  and  Jones,  T.D. ,  194l,  A  Bubblor  Pump  Method 

for  Quantitative  Estimations  of  Bnctoria  in  tho  Air!  Science,  ^4,  p.  445* 

yJ  Moulton,  S. ,  Puck,  T.T.,  and  Lemon,  H.M, ,  1943,  An  Apparatus  for  Determi¬ 
nation  of  the  Bacterial  Contont  of  Air:  Science,  ^2,  p.  51* 

Lonon,  H.M. ,  1943,  A  Method  for  Collection  of  Bacteria  fron  Air  and 
Toxtilocs  Proc.  Soc.  Exj;tl.  Biol,  and  Med.,  ^4,  pp.  298-  301. 

15/  Henderson,  D.W.,  and  Woods,  D.D.,  1942,  A  Laboratory  Apparatus  for  Setting 
Up  Bactorial  CloudB  with  a  Report  on  Experiments  with  B.  Anthracis: 

Camp  Dctrick. Tech.  No.  3785*  *  •> 

^  Sampling  Devi coe:  Impingcrs,  from  Dr.  Fildos'  "Bible",  1943,  Camp  Do trick 
Tech.  Library  Nfe.  3784.  ; 

12/ 

—  Hollaondcr,  A.,  and  LnllaYallo,  J.M.,  1939,  A  Eiaplo  Device  for  Sampling 
Air-’oorne  Bactoria:  Pub.  Health  Rep'tc.^;fi4,.  pp*  ^Tr47-'5?7. 

ul  Bourdillon,  R.B. ,  Lidwell,  O.M. ,  Rnd  Thonas,  J.C.,  194l,  A  Slit  Sampler  for 
Collecting  and  Counting  Air-borno  Bacteria:  J.  Hyg. ,  4l,  pp.  197-224. 

^  du  Buy,  H.G. ,  and  Crisp,  L.R. ,  1944,  A  Sieve  Device  for  Sampling  Air-bomo 
Microorganisms:  Pub.  Health  Fop'tc.  ,pp.  829-^32 . 
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and  (5)  electrostatic  Bannlors-  Berry  funnel  precipitator  i5/,  Barnes-Ponnoy 
dust  count  J2/  and  weight  i2/*" samplers,  and  0,2.  electrostatic  sampler  i §/, 

Moot  of  these  samplers  failed  to  meet  one  or  more  of  the  precoding 
spocifi cations  for  more  or  less  obvious  reasons.  The  open  Petri  dish  sampl¬ 
er  collected  samples  of  the  material  that  nettled  out  of  the  air  rather  than 
of  the  material  in  the  air.  The  Veils  air  centrifuge  and  the  electrostatic 
samplers  wero  too  bulky  for  use  in  tho  available  space;  too  complicated  and 
sensitive  for  ready  sterilization,  especially  by  etoam;  and  too  expensive 
and  of  questionable  availability  in  the  number  needed.  The  sugar  in  the 
sugar  tube  could  not  be  autoclaved  readily.  The  sand  tube,  cotton  filter, 
filter  paper,  and  other  dry  filters  did  not  seen  suitable  because  of  tho 
possible  harmful  effect  of  air  passing  over  collected  bacteria  and  difficul¬ 
ty  in  removing  collocted  material  from  the  sampler.  The  atomizer  bubbler 
wan  rather  fragile.  The  funnol  device,  slit  sampler,  and  sieve  devico  woro 
designed  for  collection  of  bacteria  on  an  agar  or  solid  media  surface  i 2J , 
thus  they  were  suitable  only  for  the  collection  of  bacteria  forming  countable 
colonies. 

The  Porton  impingor,  n  soniemspeed,  liquid  impinger,  which  had  been 
developed  by  British  investigators  for  sampling  microbiological  materials 
in  aerosols,  seemed  to  comply  boat  with  the  preceding  specifications.  Thin 
inpinger  wac  a  slight  modification  of  inpingors  that  had  boon  in  general  uso 
in  the  United  States  since  1922  by  industrial  hygienists  for  collecting 
samples  of  unhygienic  dusts  from  rorosolB  20/.  Tho  suitability  of  this 
sampler  was  investigated.  The  main  changes  made  in  the  device  were: 


Air:  Pub.  Health  Rcptg.  t^6,  pp.  20Ub-2051» 


16/ 

Bnrnos,  E.C.,  and  Pcnnoy,  G.W.,  1936,  An  Electrostatic  Bust  Count 
Sonplori  J.  Ind.  Hyg.  Toxicol.,  18,  pp.  167-172. 

11/  Bnrncs,  E.C.,  and  Ponncy,  G.W. ,  1938,  An  Electrostatic  Bust  Weight 
Sampler;  J.  Ind.  Hyg.  Toxicol.,  20,  pp.  259-265. 

Luckiooh,  M, ,  ct  nl  ,  19^6,  Sampling  Air  for  Bactorial  Content;  Now 
Mochanicf.l  Designs  and  Applications  of  Eloctrostatic  Fields:  Gon. 
Eloc.  Rev.,  pp.  8-17. 

12/  Schnciter,  R. ,  Bunn,  J.E.,  and  Cnninita,  B.H.,  19^5*  Studios  in 
Connection  with  tho  Selection  of  a  Satisfactory  Culture  Medium 
for  Bacterial  Air  Sampling!  Pub.  Health  Repts. ,60,  pp.  789-806. 

2QJ  Brown,  C.E.,  and  Schrenk,  H.H.,  1938,  A  Technique  for  Use  of  the 
Impinger  Method:  U.S.  Bureau  of  Mines,  Information  Circular 

7026,  20  pp. 


(l)  Substitution,  of  rcadily-avnilable  125  nil.  filtering  flasks  for  the 
straight-wall  tube  or  bottle-typo  containers  and  (2)  regulation  and  measure¬ 
ment  of  the  sampling  flow  rate  by  drawing  the  maximum  flow  through  the 
orifice  instead  of  by  maintaining  a  constant  suction  on  tho  impinger. 

'-■’hi n  report  contains  information  on  the  design  of  the  final  device 
adopted  and  quantitative  data  on  such  operating  characteristics  as:  (l) 

Rote  ntion  of  collected  ma.torial  in  the  intake  tube,  (2)  effect  of  imping¬ 
ing  distance  on  sampling  efficiency,  (j)  effect  of  sampling  flows  on  sampl¬ 
ing  efficiency,  and  (4)  campling  efficiency. 

Sampling  efficiency,  ns  used  in  this  report,  is  the  ratio,  expressed 
in  per  cent,  of  tho  material  determined  to  the  material  actually  present  in 
the  aerosol  sampled.  Thus, 

E  a  100  C</C - -  - . . (l) 

in  which  I!  a  sampling  efficiency,  C1  a  concentration  cf  material  found, 
and  C  a  concentration  of  material  actually  present  in  the  air.  This  differs 
from  collecting  efficiency  in  that  all  material  collected  is  not  necessari¬ 
ly  determined.  Tho  sampling  efficiency  of  many  inanimate  materials  may  bo 
close  to  that  of  the  collecting  efficiency,  but  tho  sampling  efficiency  of 
animato  matorialo  such  as  bacteria  nay  bo  much  lower  than  that  of  tho  collect¬ 
ing  efficiency  bocausa  of  loss  of  bnctoria  during  or  after  sampling, 

Sono  of  tho  information  in  this  report  has  been  published  in  a  mono¬ 
graph  on  experimental  air-borne  infoction  21 /, 

The  information  has  been  obtnined  at  irregular  intcrv.-ls  since  the 
:  fc-ii’t  cf  tho  aerobiologies!  program  about  December  19V3, 


II.  DESCRIPTION  OP  IMPINGER 


Tho  final  nodol  of  the  inpingor  is  shown  in  Piguro  1.  Tho  contninor 
is  a  125- ml.  filtering  flask,  sclocted  because  of  availability,  ruggednoss, 
stability  in  resting  on  a  surface,  and  possession  of  a  sido  arm.  The  intako 
tubo  is  a  tubo  1  cm.  in  dipnotor  having  n  pioco  of  capillary  tubing  1  cm. 
long  scalod  to  its  lower  end.  Such  tubes  can  be  made  easily  in  the  laboratory 
or  can  be  obtained  from  such  companies  as  Pischer  &  Porter  at  Hatboro,  Pn. 

The  uppor  end  of  the  intako  tube  is  bent  at  an  anglo  of  45°  to  prevent  ma¬ 
terial  from  dropping  into  the  tubo.  The  diameter  of  the  capillary  tubing 
used  is  one  through  which  tho  maximum  or  limiting  flow  is  equal  or  close  to 
tho  doeired  sampling  flow.  Approximate  orifice  diameters  for  maximum  or 
sampling  flows  from  1,3  to  12  liters  por  minuto  are  givien  In  figure  2. 
Sampling  flows  of  about  2.5  liters  per  minute  have  been  the  ones  most  used. 

EJj  Roscbury,  T. ,  et  al  ,  See  footnote  1. 
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ORIFICE  DIAMETER,  M.M. 


INCHES 


Maximum  or  limiting  flol^are  obtetined  when  the  pressure  downstream  from.the 
orifice  is  Q.53  (approximately  half)  or  less  of  the  upstree®  pressure  # 

The  velocity  of  the  air  through  the  orifice  under  these  conditions  is  the 
maximum,  that  is,  equal  to  the  speed  of  sound;  hence  the  name  sonic-speed 
for  the  inpinger..  This  liniting-flov  phenomenon  eliminates  the  necessity 
for  a  flowmeter,  thus  simplifying  the  sampler.  The  intake  tube  is  placed 
in  a  rubber  stopper  that  holds  the  end  of  the  capillary  tube  or  orifice 
about  5  mm*  above  the  floor  of  the  flask*  Tho  tip  of  the  orifice  dips  into 
25  ml.  of  an  appropriate  collecting  liquid.  Distilled  water  is  commonly 
used  in  the  collection  of  otable  material  as  phenol  rod  (used  as  a  dye 
tracer)  and  the  diluting  liquid  (usod  in  making  serial  dilutions  for  plate 
counts)  in  tho  collection  of  biological  materials.  A  few  (about  four) 
drops  of  olive  oil  nay  be  used  to  control  foaming  of  the  impinger  liquid. 

The  mechanism  of  collection  of  particulate  matter  by  the  impinger  is 
not  understood  fully.  Tho  high-velocity  air  stream  from  tho  orifico  apparent¬ 
ly!  (l)  Blows  tho  body  of  tho  liquid  away  from  the  floor  of  the  flaBk  di¬ 
rectly  under  the  orifice,  (2)  atomizes  some  of  the  nearby  liquid  ,(3)  causos 
the  particles  and  liquid  droplets,  from  atomization,  to  impinge  against  the 
floor  of  tho  flask  or  against  liquid,  and  (4)  may  caueo  the  particles  to  be¬ 
come  chargod.  Efficiency  of  collection  has  been  found  to  be  about  tho  some 
for  such  varied  conditions  as.  (l)  Location  of  tho  orifice  20  mm*  abovp 
the  top  of  tho  quiet  liquid  lovel,  (2)  location  of  the  orifico  so  that  the 
air  stream  is  directed  parnllol  to  the  floor  of  tho  flaBk,  and  (3)  location 
of  the  orifico  in  its  usual  position,  5  mn.  abovo  the  floor  of  the  flask. 
Efficiont  collection  when  tho  orifice  is  locatfcd  20  mo.  above  tho  level  of 
the  quiot  liquid  sooms  to  indicate  that  washing  or  bubbling  through  the 
liquid  is  not  an  important  part  of  the  colleotion  process.  Tho  efficiency 
in  sampling  vioblo  organisms  docrensed  when  the  orifice  was  located  1  mm. 
from  tho  floor  of  tho  flask,  possibly  because  tho  air  leaving  the  orifico 
kept  wator  away  fron  the  small  space  under  tho  orifico  and  some  organisms 
collected  in  this  space  wore  destroyed  by  tho  passage'  of  relatively  dry 
air  over  then. 


III.  STUDY  OF  IMPINGER 


The  studios  made  on  tho  impinger  wore!  (l)  Determination  of  tho  por¬ 
tion  of  tho  colloctod  material  retained  in  tho  intake  tube  of  the  impinger, 

(2)  study  of  the  effect  of  tho  impinging  distance  or  distance  between  the 
bottom  of  tho  orifice  and  the  floor  of  the  flask  on  tho  sampling  efficioncy, 

(3)  effect  of  sampling  flow  rates  on  the  sampling  efficiency,  and  (4)  sampl¬ 
ing  efficiency. 

.TtK-,  1941 ,  Chemical  Engineers '  Handbook!  McGraw-Hill  Book  Co., 
Inc.,  Now  York,  2d  Ed.,  3029  pp.  Sec  .p.  8U7. 
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Aerosols  containing*  phenol-red.  particles,  Bacillus  globlgli  spores,  or 
Serratia  marce scene  alone  or  in  combinations  were  used  in  these  studies* 

These  aerosols  were  propared  by  continuous,  constant  dissemination  of  liquid 
preparations  of  these  materials  into  the  air  flowing  through  a  modified 
Eeyneirs  Germ-Free  chamber  52/ . 

The  liquid  was  .sprayed  at  rates  near  0.9  ml.  per  minute  by  a  peripheral- 
air  jet  atomizer  5ii/  into  100  liters  of  air  per  minute  entering  the  3^0” 
liter  chamber.  Thus  the  material  from  0.9  ml.  of  liquid  was  dispersed  in 
100  liters  of  air*  The  concentration  of  sprayed  material  or  agent  in  the 
resulting  aerosol  was  calculated  from  the  formula! 

s  .  - - (2) 

in  which  S  =  calculated  (not  actual)  concentration  of  sprayed  material  in  the 
air  in  units  per  liter  of  air,  1  «  rate  of  spraying  liquid  into  the  air  in 
ml.  per  minute,  M  s  concentration  of  agent  in  liquid  sprayed  in  units  por  ml*, 
and  V  a  air  flow,  liters  per  minute, into  which  liquid  is  sprayed.  This  value  , 
S,  is  hereafter  referred  to  as  the  calculated  concentration. 


The  calculated  concentration  is  used  in  calculating  recovery,  which  is 
defined  for  this  report  as  the  ratio,  expressed  in  per  cent,  of  the  determined 
to  the  calculated  concentration.  The  formula  used  for  calculation  of  recov¬ 
ery  is! 

R  3  100  C'/S - (3) 

in  which  R  ■  recovery  in  per  cent,  C1  a  determined  concentration,  as  in 
equation  (l),  and  S  3  calculated  concentration,  as  in  equation  (2). 


The  sizo  of  the  particles,  but  not  of  the  eporoB  or  the  bacteria,  was 
varied  by  changing  the  concentration  of  one  of  tho  constituents  (usually 
dextrin)  of  the  liquid  disseminated.  Tho  sizo  varied  approximately  with  the 
concentration  of  material  in  tho  liquid. 


Particle  size  was  doterrained  by  a  cascadc-inpactor  procedure* 

Samples  of  the  aerosols  wero  drawn  through  caBcado  lnpactore  containing  four 
nozzles  of  decreasing  size,  a  dry  implngor,  and  a  glass-wool  filter.  Fractions 
of  tho  particulate  matter  of  decreasing  size  woro  removed  on  adhosivc-coated 
slides  behind  the  nozzles,  in  tho  adhsBive-conted  dry  implngor,  and  in  the 

glass-wool  filter.  The  masses  of  material  in  each _ 

52/  Roynoire,  J.A, ,  1943.  Micrurgical  and  Germ-Free  Techniques;  Their 
Application  to  Experimental  Biology  and  Modicino:  C.C.  Thomas, 

Baitimoro,  Md.  274  pp. 
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Rosebury,  T.,  et  al. 


Soe  footnote  1. 
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Green,  H.L.,  and  Stevenson,  J.W.,  1944,  Instructions  for  the  Use  of 

tho  Cascade  Inpactor:  Porton  Rept.  Ho.  1600,  Camp  Dotridc  Took.  Library 
.  -Ho,.  3782. 
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May,  K.R. ,  1945,  The  Cascade  Inpactor,  An  Instrument  for  Sampling 
Coarse  Aerosols!  J.  Sci.  Instruments  (London),  22.  pp.  187-195. 


size  fraetionrwere  then  determined  by  a  suitable  procedure.  The  cumulative 
per  cents  of  the  total  of  all  material  collected  in  the  different  fractions 
were  plotted  on  logarithmic-probability  paper  against  the  previously  de¬ 
termined  average  size  of  matorial  collected  by  the  particular  jet  or  impinger. 
The  mass  median  diameter,  or  HMD,  is  the  50-per  cent  value  on  such  curves. 

This  value  is  the  diameter  of  the  particle  at  the  mid- point  of  the  mass  dis¬ 
tribution;  half  the  mass  is  in  particles  having  larger  diameters  and  the  other 
half  in  particles  with  smaller  diameters.  The  MMDs  give  no  information  on 
the  distribution  or  variation  in  size,  but  where  the  distributions  are  simi¬ 
lar,  as  they  apparently  are  in  the  particles  from  the  atomizers  used,  they 
ore  important  values  for  comparison.  Distribution  is  shown  by  the  shapes 
and  slopes  of  the  logarithmic-probability  curves.  Phenol  rod  in  the  samples 
was  determined  by  colorimetric  procedures  and  microorganisms  by  standard 
bacteriological  counting  techniques. 

A.  Retention  of  Collected  Material  in  the  Intake  Tube.  Retention  of  collect¬ 
ed  material  in  the  intake  tube  of  the  impingor  during  tho  quantitating  pro¬ 
cedure  was  investigated  as  a  possiblo  cause  of  significantly  low  rosults. 
Impinger  samples  of  S,  mar ce see ns  and  of  B.  globlgii  spares  were  used  in 
these  studios.  The  intake  tubes  of  the  impingers  used  for  collecting  these 
samples  were  washed  carefully  with  10  ml,  portions  of  gelatin  diluent.  The 
numbers  of  organisms  recovered  in  these  portions  wore  compared  with  the 
numbers  recovered  in  25  ml.  of  the  same  medium  in  tho  impinger.  Table  1 
contains  information  on  tho  results  of  this  study. 

Those  rosults  indicate  that  tho  portion  of  collected  organisms  re¬ 
tained  in  tho  intake  tube  of  the  impinger  during  tho  quantitating  procedure 
is  too  small  to  have  any  significant  offoct  on  the  results. 

Recent  teats  with  phenol  red  have  indicated  that  only  about  0.1  per 
cent  of  this  matorial  is  retained  in  tho  intake  tube.  Thub  these  results 
are  in  general  agreement  with  tho  prccoding  ones  on  organisms. 

B.  Effect  of  Impinging  Distance  on  Sampling  Efficiency.  The  effect  of 
inpinging  distance,  or  of  the  distance  between  tho  tip  of  the  orifice  and 
the  floor  of  the  impingor  flasks  on  sampling  efficiency,  was  studied. 

Samples  of  phenol  rod  and  cf  S.  nqrcescens  were  collected  from  the  air 

by  impingers  having  tho  usual  5  mm.  impinging  distance  and  other  impinging 
distances.  The  usual  25  ml.  of  liquid  were  used  in  all  impingers.  The 
depth  of  this  amount  of  liquid  in  tho  125  ml.  impinger  flask  is  J  mm. 

Table  2  contains  information  on  this  study. 

These  results  suggest  that  increasing  the  impinging  distance  to  at 
leant  28  mm.  in  collecting  phenol  red  and  to  45  mm.  in  collecting  5.  mar— 
ceseens  has  no  significant  effect  on  the  sampling  efficiency  or  final  re¬ 
sults. 

Reduction  of  the  impinging  distance  to  1  mm.  or  loss  in  collecting 
S.  mar ce see ns  apparently  caused  a  reduction  in  the  sampling  efficiency,  as 
discussed  in  the  section  on  description  of  tho  impinger. 


TABLE  1 

Retention  of  Collected  Material  in  the 
Intake  Tubes  of  Impingers 
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from 

Organisms  recovered 
from  intake  tube. 

Material 
sprayed 
aad  B0X*t>lo& 

(l) 

Impinger 

number 

(2) 

25  ml.  gela-j 
tin  diluent 
in  impinger 

(3) 

10  ml.  gela¬ 
tin  diluent 
washings 
:  from  intake 
tube 

U) 

per  cent  of  total 
organisms 

(5) 

S  marcescens 
in  distilled 

1,1  X  lo3 

■ 

; 

• 

water 

50 

U.7  x  10° 

i  0,023 

60 

U.ii  x  10° 

!  1.6  X  lol 

.001; 

65 

h.9  x  10° 

3.0  x  loj 

.0006 

67 

S.U  x  106 

3.3  *  10z 

.006 

S.  marcescens 

1 

in  3%  gelatin 

52 

2.8  x  io;  ; 

5.9  x  10' 

0.021 

50 

3.5  x  io;  i 

6.9  x  10' 

.020 

66 

3.5  x  io.J  1 

1.0  x  10* 

|  .030 

69 

3.7  x  10 f  ! 

l.JU  x  10u 

.oiU 

B.  globigii 
spores  in 
distilled 

i 

I 

i 

i 

1 

!  0.069 

water 

13 

2.5  x  io5  1 

1  1.7  x  10'  1 

59 

3.5  X  107  1 

|  2.8  x  10^ 

;  .080 

67 

2.0  x  10?  1 

I  2.8  x  10' 

.10 

68 

2.8  x  10°  i 

1.6  x  10;:  ! 

1  .057 

71 

2.7  x  107  , 

2.7  x  10Z 

i  .010 

78 

2.3  x  10°  i 

i 

9.5  x  10z  ! 

.0U0 

1 _ 

-10' 


TABLE  Z 


*  i.j  . ,  ^  v 


Material 
sprayed  and 
'Sailed 

Effect  of  Impinging  Distance 

i Impinging 

(Calculated  j distance  or 
Iconcentra-  |  distance  from 
ition,  £«&na  i  orifice  to 
i'peKlWfer  ,  floor  of 
;  of  air  ;  flask,  mm. 

1(2) _ L (3) _ 

on  Sampling  Eff 

Concentration, 
number  of  or¬ 
ganisms  or 
gamma  of 
material  per 
liter  of  air 

w 

Icieacy 

Rocovery, 
or  determined/ 
calculated 
concentration, 
per  cent. 

(100  x  col. 

4/ col.  2) 

(5)  . 

0.1%  ehonol 

y - 

t 

i 

red  and  S. 

i 

marco scons 

1 

6-99 

In  distilled 

) 

5 

78.8 

water 

a  0.887 

10  . 

7.08  . 

79.8 

0.05%  nhenol 

|  1  1.  .  H  .  I 

1 

. 

| 

i 

) 

5. 47 

60.4 

red  and  8. 

1 

5  l 

roar coscons 

) 

18  | 

5.27 

58.2 

in  5%  dox- 

1 

23  1 

5.36 

59.2 

trln 

1  o.qofi 

28 

5.16 

^KTnflRMRI 

0.1%  nhonol 

1 

1 

5  1 

4.76 

52.5 

rod  md  S. 

t 

10 

4.79 

52.8 

mnreo scene  in 

1 

\ 

13  1 

4.87 

53-7 

!  o.uo6 

18 

....  JfcdS . .  .. 

52.4 

S.  marcescons 

1  ! 

5  i 

3.7  x  10* 

in  distilled 

i  ; 

1 

.lx  10° 

4.5  x  10° 
a  3-8  X  10° 

water 

t 

!  i 

1 

Ava 

11 

f 

•  i 

45  ’ 

3.3  x  10§ 

11 

■ 

3.4  x  10° 

n 

i 

i 

Avej 

3.8  x  10® 

«  3.5  x  10° 

n 

1  ! 

!  • 

i  ! 

2.7  x  lof 

2.7  x  10° 

— 

II 

1 

i 

» 

3-6  x  10° 
s  3.0  x  10b 

n 

i  J 

Avo, 

S.  marcescons i 
in  distilled 
water  ; 

|  5 

1 

f 

t 

Avo.  s 

1 

1.5  x  lof  i 

1.4  x  102 

1.5  x  10° 

i  1 

i 

1 

Doss  than  1 

1 

« 

. ,.j  . . 

\ 

l 

Avo.  ~ 

1.1  x  lof  : 

1.0  x  102  i 

1.1  x  10°  : 

***— 

The  preceding  results  are  in  general  agreement  with  those  showing  that 
variation  of  the  impinging  distance  in  the  Greenburg-Smith  impinger  over  the 
range  of  2  to  12  mm.  had  no  significant  effect  on  the  sampling  efficiency  of 
this  impinger  for  dusts  and  fumes,  slf 
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C.  Effect  of  Sampling  Rate's  on  Sampling  Efficiency.  The  sampling  efficiency 
of  the  Greenburg- Smith  impinger  for  duatB  and  fumes  increases  with  sampling 
rates  up  to  the  maximum  flow  rate  ££/ .  The  campling  efficiency  of  the  pre¬ 
sent  impinger  was  studied  to  detormine  whothor  its  efficiency  varies  in  a 
similar  way.  Information  on  this  variation  was  obtained  from  saaples  of 
phenol  red,  3.  giobigil.  and  S,  raarcescens  particulates  collected  by  impingers 
at  different  sampling  rates  up  to  a  maximum  flow  rate  of  10  litors  per  minute. 
Such  inpingors  wero  used  instead  of  the  usual  ones  having  maximum  flow  rates 
of  about  2.5  liters  per  minute  because  tho  10 -liter-por-ninute  ones  wero 
about  tho  smallest  ones  for  which  flows  aB  low  as  10  por  cent  of  tho  maximum 
would  be  practical  from  the  standpoints'  of  orifice  diameter  and  sizo  of 
sample.  The  sampling  rate  or  per  cent  of  maximum  flow  for  maximum  sampling 
efficiency,  at  least  for  ihe  10-litor-por-minute  impingers,  w&b  determined 
in  this  study.  In  addition,  tho  efficiencies  of  inpingors  having  maximum 
flows  ranging  from  1.3  to  16.5  liters  por  minute  wore  measured  at  maximum 
flow,  using  phonol  rod,  B.  globigii.  and  S,  marcescens. 


Table  3  contains  information  on  this  study  of  tho  offset  of  sampling 
rates  up  to  the  maximum  flow  rate  on  tho  stapling  efficiency  of  inpingors 
having  maximum  flows  of  10  liters  per  minute. 


Two  typos  of  aerosols  wore  UBed  in  this  study.  Both  types  wore  pre¬ 
pared  by  spraying  a  liquid  suspension,  at  the  rate  of  0.9  ml.  por  minute, 
into  100  liters  per  ninuto  of  air  ontering  tho  3^-Htor  ■ReyniorB~chanbor 
apparatus.  The  suspensions  UBed  for  one  typo  consisted  of  distilled  wator 
containing  0.1  por  cont  phonol  rod  and  heat-shocked  B.  globigii  spores.  The 
suspensions  used  for  tho  other  typo  of  aerosols  consisted  of  2  per  cent 
golntin  containing  S.  marcescens. 

SetB  of  two  simultaneous  samples  wero  collected  for  10  minutes  from 
each  aerosol  by  inpingors  operating  at  .10,  30*  50 «  70 »  wad  100  por  cent 
of  tho  lO-litoxupor-ninuto  maximum  flow.  Sampling  ratos  below  the  maximum 
wero  obtainod  by  drawing  tho  maximum  flow  through  secondary  orifices  located 

22/' Hatch,  T. ,  Warren,  it.,  and  Drinker”,  "  1932,  A  Modified  Form  of  tho 

Groenburg-Snith  Impinger  for  Biold  Use,  with  a  Study  of  ite  Operating 
Characteristics!  J.  Ind.  Hyg. ,  14.  pp.  30i*3H* 

^2/  Drinker,  P.,  and  Hatch,  T, ,  1936,  Industrial  Bust!  McGraw-Hill  Book 
Company,  Hew  York,  3 I 6  pp.  Soc  pp.  112-114. 
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Sffect  of  Sampling  iiates  Up  to  the  Maximum  Slow  oa  Sampling  fifficieccy  of 
Iapingers  Having  Maximum  Flow  of  !•  Liters  per  Minute 
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downstream  from  the  samplers.  Each  impinger,  used  for  collecting  samples  of 
phenol  red  and  spores  of  B.  globlail  from  the  same  aerosol,  was  followed  by 
a  glass-wool  filter  to  collect  material  passing  through  the  impinger.  The 
phenol  red  and  spores  of  B.  elohlgll  were  determined  In  each  sample.  Imping- 
gers,  used  for  collecting  samples  of  S.  marce aeons,  wore  not  followed  by  filter 
samplers  because  of  the  low  sampling  (not  collecting)  efficiency  of  such  filters 
for  vegetative  organisms. 

Evaporation  of  impingor  liquid  by  passage  of  air  through  it  for  10  min¬ 
utes  has  boon  found  to  be  about  0.05  (of  the  25)  ml*  at  1  liter  per  minute 
and  1.5  ml.  at  the  maximum  flow  of  10  litors  por  minute.  Results  were  not 
corrocted  for  this  evaporation  lose.  Resulting  errors  probably  wore  snail 
compared  to  other  ones. 

The  recoveries  of  the  different  agents  by  the  impingor  at  tho  different 
sampling  rates  aro  listed  in  Table  3  in  columns  4,  8,  and  12,  Figaro  3  con¬ 
tains  curves  showing  tho  relation  botweon  the  stapling  rates  and  the  averages 
of  thoBG  recoveries.  The  recoveries  for  both  the  phonol  rod  and  3.  globieil 
spores  increased  with  sampling  ratos  up  tb  the  maximum  flow  rate  as  does  the 
sampling  officionoy  of  the  Groenburg-Sr.ith  impingor  for  dust  and  fumeB  -=2/  • 

The  recoveries  of  S.  narccccena  increased  with  sampling  ratOB  up  to  at 
least  70  P°r  cont  of  maximum  flow  and  then  for  sono  reason,  possibly  relatod 
to  destruction  of  thoso  fragile  organisms  by  impact  or  passage  of  large 
quantities  of  air  over  then,  tho  recoveries  decreased  with  further  increase 
in  sampling  rato. 

Impinger  efficiencies  or  ratios,  expressed  in  per  cent,  of  tho  preceding 
rocovoriea  to  the  corresponding  recoveries  at  maximum  flow  are  listed  in 
columns  13-15*  Figure  4  shows  how  thCBo  efficiencies  variod  with  the  sampling 
rato. 


The  suns  of  the  impingor  and  filter  recovcrios  aro  listed  in  columns  6 
and  10.  Tho  averages  of  theso  values  increased  with  sampling  rates.  The  in¬ 
crease  for  phenol  red  was  slow  with  rates  up  to  at  least  70  per  cent  of  maxi¬ 
mum  but  was  rapid  for  higher  rateB.  Tho  increase  for  the  Bpores  of  B.  globiell 
was  sonowhnt  erratic  but  apparently  groator  than  for  tho  phenol  red,  Tho 
reasons  for  those  increases  are  not  known  but  nay  have  boon  relatod  to  incroaso 
in  the  evaporation  of  impingor  liquid  with  sampling  rate. 

Impingor  efficiencies,  or  ratios  of  impingor  recovery  (columns  4  and  8) 
to  tho  sum  of  tho  recoveries  dotorninod  by  both  the  impingor  and  filter 
(columns  6  and  10),  aro  listod  in  columns  7  end  11.  Figure  5  contains  curves 
showing  tho  relation  botweon  tho  sampling  rates  and  these  efficiencies.  Those 
curves  show  the  sano  general  trends  as  those  in  Figure  3  for  impinger  recover¬ 
ies. 

Drinker,  P,,  and  Hatch,  T. ,  Soo  footnote  28. 
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FIGURE  5.-  IMPINGER  EFFICIENCY  VERSUS  FLOWS  UP  TO  THE  MAXIMUM 
FROM  SERIES  -SAMPLING  STUDIES. 


The  preceding  results  indicate  that  the  sampling  efficiency  of  inpingere 
with  a  maximum  flow  of  10  liters  per  minute  for  phenol  red  and  spores  of 
B.  globigii  increases  with  sampling  rate  up  to  the  maximum  flow  rate  and  that 
the  efficiency  for  S.  marcftscens  also  increases  with  the  sampling  rate  up  to  at 
least  70  por  cent  of  the  murlinua  flow.  The  decrease  in  sampling  efficiency 
for  S»  anreencens  at  higher  3nmpling  rates  probably  is  not  important  enough,  to 
Justify  sampling  at  "JO  per  cent  of  maximum  flow  and  using  a  flow  meter  rather 
than  sampling  at  the  maximum  flow  where  the  use  of  a  flow  meter  is  unnecessary. 


A  study  was  made  to  determine  over  what  range  cf  maximum  flow  rates  a 
high  sampling  efficiency  is  obtained.  Impingera  wi-h  ori tices  for  maximum 
flows  in  the  fire  f .flowing  ranges*  (a)  1»3  to  1-9,  (b)  2.2  to  2,6,  (c)  4.9 
to  5*4,  (d)  10.1  to  -0,6,  nnd  (3)  l6.4  to  lS»5  liters  per- minute  were  used 
in  this  study  to  collect  samples  of  phenol  red,  B.  aloblfili.  and  S ,  marce scens. 
Bach  agent  was  sprayed  separately.  Two  sets  of  sampies  of  phenol  red  end  one 
of  B.  globlgll  and  of  S.  marcescens  were  collected.  Bairs  of  simultaneous 
sanroles,  with  one  exception,  wore  collected  of  each  material  at  each  sampling 
range  for  10  minutes.  One  sample  instead  of  a  pair  was  collected  in  the  ex¬ 
ception. 

Table  4  and  Figure  6  contain  information  on  the  results  of  this  study'. 

The  constancy  of  the  values  for  S.  marcoscono  in  this  study  over  the  whole 
sampling  range,  and  the  fail?  constancy  of  the  values  for  phenol  red  and 
B.  globlgli.  at  least  up  to  sampling  rates  of  10  liters  per  minute  indicate 
that  high  sampling  efficiencies  are  obtained  at  maximum  flow  rates  at  least 
up  to  10  liters  per  minute  and  probably  up  to  16  liters  per  minute. 

D.  Sampling  Efficiency.  Some  information  on  sampling  efficiency  has  boon 
given  in  the  preceding  studies  described  in  this  report.  More  information, 
obtained  by  matorlal-balance  and  serles-sanpling  procedures,  is  given  in 
this  section.  In  the  matorinl-balance  procedure,  the  amount  of  material 
determined  in  the  air  by  the  impingor  was  compared  with  the  difference 
between  tho  total  amount  of  material  sprayed  into  the  air  and  the  amount 
deposited  on  chamber  surfaces.  In  tho  series- sampling  procedure,  the  amount 
of  material  found  in  tho  air  by  the  inpinger,  followed  in  series  by  another 
efficient  sampler,  was  comparod  with  the  total  amount  of  material  doterninod 
by  both  samplers. 

1.  Material-balance  Studios.  Table  5  contains  information  on  ^hoso 
studies.  Phenol  red,  tho  material  sampled,  was  sprayed  from  distilled  water 
containing  0.1  per  cent  phenol  red  and  from  0  to  10  per  cent  dextrin 
(column  2),  used  to  vary  tho  sizo  of  the  resulting  particles  (column  4). 

Flguro  7  shows  tho  variatidn  of  tho  sizo  with  tho  dextrin  concentration  in 
tho  different  oxporinonts.  The  amount  of  material  deposited  on  changer 
surfaces  during  tho  impingor  Bcmpling  poriod  was  doterninod,  in  two  experi¬ 
ments,  from  all  tho  deposited  material  washed  from  the  chamber  surfaces  into 
2  iitors  of  distilled  water  (column  5)  nnd,  in  the  other  three  experiments, 
from  material  deposited  on  horizontal  or  horizontal  and  vertical  nicroscopo 
elides  (columns  6  and  7)*  The  per  cent  of  material  deposited  on  tho  sur¬ 
faces  varied  with  the  size  of  the  particles.  Figure  S  contains  information 
on  this  variation.  The  calculated  per  cont  of  material  in  the  air  during 
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Sampling  Efficiencies  at  Various  Maximum  Flow  Rates 
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kll  otlier  results  are  averages  of  results  of  two  impinger  sanqples 
collected  for  10  minutes  during  the  equilibrium  period  at  chamber 
concentration. 


SUSPENSION  SPRAYED. 


PER  CENT  OF  SPRAYED  MATERIAL  DEPOSITED  ON  SURFACES 


i  H  ORIZ ONTAL 
SURFACES 


-O-EXPT.  NOS.  22,23,24,25. 

EXPT.  NOS.  34,35,36,37 
~#~EXPT.  NOS.  26,27,28,29. 


VERTICAL 

SURFACES 


0  0.5  1.0  1.5  2.0  2.5  3.0 

SIZE  OF  AEROSOL  PARTICLES,  MASS  MEDIAN  DIAMETER  IN  f4 

FIGURE  61.-  AMOUNT  OF  MATERIAL  DEPOSITED  ON  SURFACES  VERSUS 

SIZE  OF  AEROSOL  PARTICL 
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the  inpinger  sampling  period  was  determined  by  subtracting  the  per  cent  of 
deposited  material  from  100  (column  g).  The  concentration  of  phenol  red 
in  the  air  determined  by  the  inpinger  (column  9)  was  compared  with  the  cal¬ 
culated  concentration  to  determine  the  sampling  efficiency  of  the  inpinger. 

A  material  balance  botween  tho  amount  of  phenol  red  sprayed  and  the  amounts 
deposited  on  surfaces  and  present  in  the  air  was  obtained  in  this  procedure. 
The  sampling  efficiencies  ranged  from  91»2  to  120*8  per  cent  and  had  on 
average  of  10 4. 9  per  cent.  Thus,  this  absolute  method  indicates  that  the 
inpinger  has  a  very  high  sampling  efficiency  for  such  particles.  The 
efficiencies  apparently  did  not  vary  significantly  with  the  size  of  the 
particles  (MMD's  from  0.65  to  2.67><)  sampled. 

2.  Series-sampling  Studies.  Table  6  contains  information  on  these 
studies*  Phenol  red.  B.  globlgii.  and  S,  marcescens  were  the  materials 
used.  The  phenol  red  and  B.  globlgll  were  sprayed  from  the  same  liquids; 
distilled  water  and  5  per  cent  dextrin  (column  5),  The  particles  from  the 
5  per  cent  dextrin  suspension  probably  were  mtich  larger  than  thdee  from 
the  distilled  water  as  shown  by  figure  7«  S*  marcescens  was  Bprayed  from 
5- per  cent  dextrin.  Inpingers  with  maximum  flaw  fatefe  of  £*5<  5«  or  10 
liters  per  minute,  followed  in  series  by  glass-wool-filter  samplers*  were  the 
sampling  combinations  used  in  moot  tests  (columns  2  and  3)*  Hlass-wool- 
f liter  samplers  followed  in  series  by  2. 5-liter-per-minuto  inpingers  and 
Moulton-Puck-Lemon  atomi2ing-bubbler  samplers,  followod  in  series  by  5 
litor-per-mlnute  impingers,  wero  combinations  used  in  a  few  tbsts. 

Tho  concentrations  of  sprayed  material  determined  by  the  first  samplers 
in  the  series  arc  listed  in  column  6.  The  values  in  each  set  (ejqporiments 
11-17,8,  and.  9)  aro,  with  few  exceptions,  reasonably  constant.  Some  of  tho 
variation  probably  resulted  from  changes  in  the  conditions  of  the  aerosol. 

The  value  for  tho  Moulton  sampler  in  consecutive  experiment  11  (column  6) 
is  lower  than  tho  othor  values  in  this  set,  possibly  because  of  a  low  sampl¬ 
ing  efficiency  of  this  sampler  for  tho  small  particles.  Tho  corresponding 
value  for  the  Monitor,  sampler,  in  sampling  tho  larger  partielos  from  the  5 
per  cent  dextrin  suspension  (consecutive  experiment  16) ,  Is  in  fair  agreement 
with  the  values  from  the  othor  samplorn.  The  value  for  the  glass-wool-filter 
sampler  in  srimpling  B.  globigil  from  a  distilled-water  suspension  (consecutive 
experiment  26,  column  6)  is  a  little,  lower  than  tho  other  values  in  the  sot, 
possibly  not  beenuso  of  low  collecting  efficiency  but  because  of  retention 
of  the  collected  organisms  by  the  filter  in  the  washing  process*  The  value 
for  the  glass-wool-filter  sampler  in  sampling  S.  mnrcoscenw  from  a  5*’Per  cent 
dextrin  suspension  (consecutive  experiment  36,  column  6)  is  much  lower  than 
the  othor  values  in  the  sot,  possibly  for  the  some  reason,  that  is,  retention 
(or  destruction)  of  the  collected  organisms  by  tho  glass-wool-filter. 

All  but  one  of  tho  sampling  efficiencies  of  the  first  sampler  in  each 
series  (column  8)  were  well  over  90  per  cent.  The  low  value,  83  per  cent, 
is  the  one  for  the  sampling  efficiency  of  the  Moulton  sampler  for  phenol  red 
in  small  particles  (consecutive  experiment  11,  column  8). 

These  high  sampling  efficiencies  are  in  ogreenont  with  those  obtained  in 
tho  preceding  material-balance  studies  and  with  those  obtainod  in  studies  on 
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the  sampling  efficiencies  of  various  impingers  for  dust  and  funes  j 2/  2J  3gl. 

,3£/  Drinker,  P.,  and  Hatch,  I.,  See  footnote  28.  ' 

Littlefield,  J.B.,  Feicht,  F.L.,  and  Schrenk,  H.H.,  1938,  Efficiency  of 
Impingors  for  Collecting  Lead  Dusts  and  Fumes?  U.S.  Buroau  of  Minos 
Rcpt.  of  Investigations  3^01 >  9  PP» 

2isl  Lcdinghan,  J.M. ,  1943,  The  ®ff iciencies  of  Impingors  and  Fibre-Class 
Filters  in  the  Sampling  of  Particulato  Clouds?  B»D.P.  Rept.  31, 
(Porton).  Camp  Detrick  loch.  Library  Sc.  .J 
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IV.  SUMMARY 


c 

* 


\ 

A  sonic-speed,  liquid  impinger  used-by  the  Aerobiolagy-Braaeh-in  collect¬ 
ing  samples  of  particulate  matter  (containing  such  materials  as  bacteria*  dye 
tracers,  toxins,  and  viruses)  from  aerosols  is  described.^ 

This  sampler  consists  of  a  125*ml.  filtering  flask, containing  an  intake 
tube  held  in  place  by  a  rubber  stopper  with  the  lower  -6nd  of  the  tube  5  mm, 
from  the  floor  of  the  flask.  The  intake  tube  is^er'tube  1  cm.  in  diameter 
having  a  piece  of  cep illary  tubing  sealed  to^its  lower  end.  The  diameter  of 
the  cop  ill  ary  tube  or  orifice  is  such  that  "the  maximum  flow*  or  the  flow  at 
which  the  velocity  of  air  through  the- orifice  is  the  same  as  that  of  sound, 
is  the  desirod  sampling  rate.  Twenty-five  ml,  of  a  liquid  suitable  for  hold¬ 
ing  the  particulate  matter  to  be  sampled  is  used  in  the  impinger. 

The  portion  of  the  collected  material  retained  in  the  intake  tube  during 
the  usual  quantitating  procedure  was  found  to  be  too  Bffiall  to  Justify  a 
special  removal  procedure.  - 

Variation  of  the  impinging  distance  over  wide  limits  (from  2  to  45  mm,) 
was  found  to  havo  no  significant  offoei  on  the  sampling  efficiency. 


Sampling  efficiency,  at  least  for  phenol  rod  and  spores  of  B.  globlgli. 
was  found  to  increase  with  flow  up  to  tho  maximum.  High  sampling  efficiencies 
wore  found  at  maximum  flows  ranging  from  1  to  16  liters  per  minute. 


Sampling  efficiency  was  found  to  bo  high  (woll  ovor  90  per  cent)  by 
matorial-bnianco  and  series-sampling  procedures.  , 
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V.  RESPONSIBILITY 
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This  report  was  prepared  "by  C.E.  O'Bryon. 

Preliminary  drafts  of  this  report  by  T.  Hosobury,  M.  Soldi,  and 
E.L,  Noff,  Jr,  and  of  a  review  of  samplers  by  R.3.  Porter  were  used  in 
the  preparation  of  this  report, 

*  Assistance  in  the  editing  of  this  report  was  given  by  C.E.  Brown. 
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